THE TYPE OF THE JERASSIC REPTILE MOROSAERFS 
AGILIS REDESt'RIPEI). WFITl A NOTE ON CAMPTO- 
8AUKUS. 



By Chaukks W. Gilmore. 

Of the J)epart)uei)t of (h’otogy, f \ S. National Muaenm, 



INTRODUCTION. 

Ill Prof. O. C\ ^larsh described ln’iefly 3/o/rmno^(fx agtUs^ a 

new species of the Morosaiiridie. 

The type specimen (Cat. No. 53S4, C.S.N.M.^') which was collected 
])y Mr. M. P. Kelch from the Upper Jurassic (^Morrison Beds) of 

Garden Park/' near Canon Cdty, Colorado, is now preserved in the 
fossil vertebrate collection of the U. S. National ^Museum. 

The sevmal elements coiin^risiiiG* the l 3 -pe specimen were recently 
carefullv prepared and important characters, hitherto unobserved 
because of adherino- matrix, were disclosed. On account of the 
exceedingly lirief original designation of this species, as well as new 
characters recentlv noted, tlu' writer believes it of importance to 
descrilie and ligure the specimen more in detail than was attempted bv 
Professor Marsh. 

REVIEW OF THE TYPE MATERIAL. 

Marsl/s original description of the species is as follows: 

MOROSAURUS AGILIS, sp. nov. 

A second new sjiecies, which apparently belongs to the same genus, is represented 
by the posterior lialf of the skull, tin* anterior cervical vertebra*, and other parts of 
the skeleton. This animal was in direct contrast with the one <' last described, the 
skull and skeleton being especially light and delicate in structure for one of the 
Sauropoda . It was also much smaller in size, being the most diminutive known 
member of the genus, proliably not more than fifteen feet in length. 

«0. C. Marsh, Arner. Jour, of Sci., XXXVII, April, 1889, p. 834. 

^Olarsh’s original accession numbers are as follows: |1607 and ' 12, 1904 catalogue 

number of the YTde rniversity iMuseum. 

^Marsh refers here to J/. grandis, a larger species described in the same paper. 

Proceedings U. S. National Museum, Vol. XXXII— No. 1519. 
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The tiguiv below reywofseiits the ])ack of the Fkiill with the atlas attached, aial the 
post-oeeipital bones in place. The axis and third cervical were also found in posi- 
tion. These will serve* to distinguish the present species from the others of the 
<z;enns, as they are pro]U)rtionally much lonji^er and of lighter structure. 

The hind feet of the present sjieci men agree in general structure with those of 
Moros(tvrtis f/ratidh, hut diiier h\ having the first digit unusually large and massive 
in comparison with the others. The third, fourth, and fifth are especially slender. 

The writer has })(*en mialile to find the ‘‘other parts of the skele- 
ton’' ine.ntioned by ]NIarsli in his orioimd description. ^Moreover, a 
rough held sketch accompanying the type spethinen only shows the 
posterior portion of the skidk titlas, axis, and third cervical, and 
these elements in all probability constitute the type specimen. 

The hind foot which is 
mentioned as appertaining 
to the ‘‘present specimen’' 
is also missing', unless 
Marsh refers here to the 
right pes (Cat. No. 5309, 
U.S.N.il., Marsh’s 

accession number, figured 
in Plate XXXVIT hg. 
in Dinosaurs of North 
Ameri(*a), and which he 
has identihed as belonging 
to 2/o?^(^>iaurffs See 

hg. ]\Iarsh must have 
inad\’erteMtly referred the 
pes to this species as the 
original held laliels still 
with the spexhmens dis- 
cuss(h1 here, show the type 
was collected in 18S3, while the hind foot was not Found until 1888, hve 
years later. Fig. 1, Plate XXXA^II, Dinosaurs of North America rep- 
resents the right inanus (Cat. No. 5371. ICS.N.]\1., ]\Iarsh's original 
number 1055!) of Jf. (n//7is\ also in the collection of this Museum. See 
hg. 2(f. With the foot are the radius and ulna. Both of the feet 
wei'e collected l)y Mr. Felch at the same time and place, ‘‘(birden 
Park," near Canon City, Colorado, from th(^ Upper Jurassic (^lorrison 
Beds), in 1888. Whether they lielong to the same specimen or eveii 
to the saim* species, in the state of our present knowledge can not be 
determined with any degree^ of certainty. 

The ‘‘quanw" at Canon City, where ^larsh secured the remains of 
various spe(‘imeus of the Dinosauria, is commonly known as a “gen- 
eral quarry,*' as from it have been ol)tained the remains of a large 
number of individuals repr(*senting several genera aiul species in a 




Fig. 1. — Skull of Morosaukus agilis ((!at. No. 5384), uos- 

TERIOR VIEW, ^ NAT. SIZE, a, PROATLAS; h, LATERAL PLATE 
OF ATLAS; C, ODONTOID PROCESS, OK CENTRUM, (»F SAME; 
((), EXCCCIPITAL; l\ INTERCENTRUM OF ATLAS; n, NEURAL 
CANAL; p, parietal; P()STorbital; .s, sc^uamosal; so, 
SUPKAOC<'IPITAL. 



NO. 1519. 
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disarticui{it(‘(l and srutti'n'd condition, so intei iiiinoled tlmt, unless a 
skeleton has become isolated or is still a!‘ti(‘iilat(‘d, the several (dements 
composing it can not be reassembled with the alisolute assni'anee tliat 
thev pertain to a single individual. The writer isiiadined to the opin- 
ion that the ichmtitication of the maims and ])es of J/. has not 

been a(‘curately made, and until wv have more positive evidence it 
would lie wcdl to reserv(‘ our decision. 

While Marsh pointed out in his original description that JI, (UjUi^ 
is the most diminutive member of the Morosanrida\ from onr present 
knowledge of the skeletal structure of the Opisthocoelian dinosaurs, 
the writc'i* believes that his estimate of the length of Moromnrus agilis 



a b 




C, CARPAL BONE; I-V, JIETArARPAI.s; h, FRONT VIEW «>F THE P.IGIIT HIND FOOT; I-V. DIGITS 

(Cat. No. 53t;9), i nat. size. 

at 15 feet would fall far short of the total length, and it would not be 
surprising were the skeleton found to exceed twd(‘e tin' oidginal 
estimate. 

DESCRIPTION OF THE TYPE SPECIMEN. 

With the exception of two genma our knowledge' of the skull of the 
Opisthocoelian dinosaurs is extremely limited. Recently Dr. W. d. 
IIollaiKb^ has published a very complete description of the skull of 
Dfplodoen^i liased on all of the known material, and in a preliminary 
paper Prof. Henry F. Osborn^ has mentioin'd some of the importnnt 

« W. J. Holland, Osteolojryof Dijilodocus Marsh, Memoirs of the Carnep:ie Mnseiim, 
Pittsbuig, Pennsylvania, II, No. d, 190(1. 

^11. F. (Osborn, Nature, LXXIII, Jan. IS, lOOO, p. 283, tig. 2. 
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featui'os of a l)oautifuliy i)resorvocl .skull of ijramlJs now in 
the xVnieriean Museum of Natural llistoiT. New York. 

Although ]\Iarsh determined most of the elements composing the 
posterior aspect (see tig. 1) of the skull of ^forosatirus he did 

not describe them in detail; therefore the writer, because of the rarit}^ 
of the Opisthocoelian dinosaurian skulls, as well as to make our 
knowledge of the.se crania a litth' more exact, now attempts such a 
description. 

DESCRIPTION OF SKULL. 

The skull of J/. agUh^ although somewhat distorted hy crushing, 
shows (piite clearly the relationship of the several elements of the pos- 
terior portioii. The occipital segment (‘onsists of four i)ones, basioc- 
cipital, exoccipitals, and supraoccipital, and the plane of the occiput 
forms an obtuse angle (see Plate Xll) with the fronto-parietal part of 
the skull. The basioccipital extends well posterior -to the median por- 
tion of the skull and forms the greater part of the subcircular convex 
condyle. Dorsally it unites by suture with the exoccipitals (see tig. 
3). The latter bones enter into the formation of the occipital condyle 
and entirely exclude the basioccipital from the boundaiw of the fora 
men magnum. This arrangement of the occipital bones approximates 
the conditions found in the Chelonia. Athaitomurff^ montamis^ as 
ligured'^ by Marsh, shows a similar arrangement of these elements. 

The ventral side of the basioccipital in advance of the condyle is 
somewhat concave longitudinally and convex transversely, thus form- 
ing a well-defined neck. Anterior to this constriction a broad hypo- 
physis begins to develop, Ixdng directed downward. Ventrally. how- 
ever, this region has been badly injured, and the greater part of the 
basioccipital processes are missing. The suture between the ba.sioc- 
cipital and basisphenoid is entirely obliterated. 

The e,vocci])ltah are not as broad nor as strongly developed as in 
Dlplodocw^, and they also ditfer in the backward extension of the basal 
portion for articulation with the l)asioccipital. The exoccipitals entirely 
enclose the foramen magnum and also enter into the foi'ination of the 
occipital condyle. Laterally they articulate with the parietals and 
.squamosals, the ai'ticulation with the latter being princii)ally with the 
paraoccipital process which extends outward, backward, and down- 
ward. This process is expanded medially, but tapers to a rounded 
oi)tuse end. There are no posterior fossa in the skull of Alorosaurus 
agilis. The suture at the union of the exoccipitals is entirely closed. 

The f^Kj>raocc!p!t<(J is roughly an irregular subtriangular plate of 
bone occupying the space between the parietals above and the exoc- 
cipitals below. On the median posterior surface a very pronounced, 

«0. C. Marsh, Dinosaurs of North America, Sixteenth Ann. Kept., U. S. Geol. 
Survey, Pt. 1, 189(5, pi. xv, fig. 1. 
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soinowliat ron^’heiicd ridue is developed, wliicli in I)ijflodo< }(s, Doctor 
Holland has interpreted as the point of attachment for the nuchal liga- 
ment. iMarsh has represented the snture between supraoccipital and 
exoccipital as continuing straight aci’oss toward the iiu'dian line, but 
after removing the pro-atlas it was found to turn upward. (Compare 
ligs. 1 and 3.) The further direction of this suture can not l>e deter- 
niined from this speciiiKui. 

The parietals appear as two lateral processes extending from either 
side of the crest of the skull backward and downward, thus forming 
the anterior and inner lateral margins of the supratemporal fossa. 
The parietal suture is not indicated in this specimen. As shown by 
Professor Osborn in JL the parietals hardly enter into the 

composition of the roof of the 
c i*a n i u m . Ante r i o r 1 y t h ey 

unite with the frontals, pos- 
teriorly with the supraoeci- 
pital which they enclose on 
three sides. At their poste- 
rior termination they overlap 
the s(juaniosals. To a lim- 
ited extent the parietal arti(‘- 
ulates with the exoccipitals. 

The great backward and 
downward extension of the 
parietals seem peculiar to this 
species. 

Only a portion of the S(p(a- 
rnoml of the left side is pre- 
served with this specimen. 

It forms the posterior bound- 
ary of the supratemporal 
fossa. Along its innei’ mar- 
gin it articulates with the paraoccipital process of the exoccipital. 
Anteriorly it is overlapped l)y the posterior extremity of the parietal 
and externally it meets the postfrontal. 

frontals appear to be nnited on the median line by an interlac- 
ing suture. Over the orbital cavities the bone is thickened and the 
exterior margins somewhat roughened and rounded. Anteriorly and 
medially these bones thin out to a sharp edge. A broad process is 
sent out from the outer anterior margin which probably articulated 
with the prefrontal while the median part articulated with the nasals. 
The orbital surface is concave antero-posteriorly. Its inferior surface 
united hy suture with the orbitosphenoid. 

The element here designated by the writer as postfrontal is the one 
Marsh identitied as the postorbital bone. (Sec tig. 1 po. and Plate 




Fig. 3.— oblique posterior view of the skull of Mo- 
rosaurus agilis (Cat. No. 53s4), \ nat. size. Ex.oc, 
exoccipitals; F , frontai.s; F . m , foramen ^iagnum; 
C. c. occipital condyle; Fa, parietals; Po./, post 
frontals; s. supraoccipital; SVy., s<^uamosal. 
Right side restored somewhat from the left. 
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XIIy>>r>. f.). He iilso omitted th(‘ suture IxdweiMi postfrontal and 
frontaK which is plainly shown on the specdmen. (Se(‘ Plate XJH.) 
While there is no positive evidence that the })ostfrontal is now cor- 
rectly identified, yet after a comparison with other reptilian skulls, 
both fossil and recent, it appears to the writer the most logical arrange- 
ment of this region of the skull. The postfrontal at its anterior 
extremity articulates with the frontal and parietal, with the former by 
a long lapping suture. (See Plates XI 1 and XIII.) Its inner margin 
constitutes the outer posteidor boundary of the supratemporal fossa. 
At the posterior boundary of this fossa an inwardlj" directed expansion 
of this bone unites with the scjuamosal. Its anterior surface enters 
into the boundary of the orbital cavity. 

The hasisphenoid articulates posteriorly with the basioccipital and 
exoccipitals and laterally with the alisphenoids and orbitosphenoids. 
The basipterygoid processes are broken off and gone. 

The aUsphenoid and orhltosphenokl bones are present, but their 
boundaries can not be definitely defined at this time. Where the 
orbitosphenoid ai tieulates with the ventral surface of the frontals are 
several notches or openings leading into the cerebral cavity. 

OPENINGS IN THE SKULL. 

foramen Qaagnum is wholly inclosed liy the exoccipitals. The 
outline of the foramen has been distorted somewhat by crushing, but 
it appears higher than wide and was probably oval, as represented in 
the restored drawing. (See fig. 3.) 

The sv prat emi par al fossa is suboval in form and opens outward 
and liackward. It is bounded anteriorly by the parietal and post- 
frontal; the inner wall is formed b}^ the parietal and bounded posteri- 
orly by the squamosal, its outer wall by the postfrontal. 

Only the superior boundary of the orVital eaoHij is shown in this 
specimen. This is concave antero-posteriorly and is formed above by 
the frontal and postfrontal. The inner posterior wall is bounded 
chietiy by ali- and orbitosphenoids. See Plate XII sp, and AL sp. 

There is no evidence of a phi eat foramen in J/. agdls. However, 
Marsh makes the following observation^' ^Hn one specimen of Moro- 
marm^ a similar opening has been observed, but in other Sanropoda 
the parietal bones, even if thin, are complete.'' He pi'obably refers 
here to the skull of MoroMuirm grandm^ of wdiich he figures a poste- 
rior portion in the Dinosaurs of North America. Plate XXX, fig. 2. 
The presence of a well-defined pineal foramen in the skull of Moro~ 
saurim grandls apj^ears now to be definitely determined by Professor 
Osborn after a preliminary study of three jSIorosaurus skulls, of which 
he has published a figure of the more complete one.* He makes the 

«Am. Jour. Sci., XXVII, February, 1884, p. 1(12. 

&H. F. Osborn, Nature, LXXIII, 1906, p. 283, tig, 2. 
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followino- coniinents: "'The most importunt point brought out is that 
all th rec skulls exhibit a well-detined tubular opening on top of the 
skull at the junction of tlie parietals and paraoecipitals. This foramen 
is smoothly lined with bone and leads directly down into the eerebral 
cavity.^’ 

Lesser foramina , — The brain cast of MoroHovrus (jrandis,, hgured by 
Professor Marsli, shows at its anterior extremity the olfactory lobes. 
Just antei-ior to the place these lobes would occupy in the brain case 
of J/. agilis is a large V-shaped opening, through which the olfac- 
tory nerves must have had exit. (See I, Plate XII.) The opening is 
liouiided above by tlie frontals and below by the orbitosphenoids. 

Twenty millim<ders })Osterior to tlie olfactory foramen are two deep 
circular openings, the optic foi-amina. (See II, Plate XII.) These 
appear to merge into one another, but if separated at all it is by a veiy 
thin septum of bone. In Diplodoeas Doctor Holland says they are 
separatetl by a '\short tilament of hone.'’ 

Posterioi’ and external to the optic foramina, shown best on the right 
side of the skull, is a subcircular foramen, which probably gave exit 
to the oculomotor nerve. (See III, Plate XII.) 

Situated at a higlier level and posterior to the last-mentioned open- 
ing is an oval foramen (this is also best shown on the right side of the 
skull), which, according to analogy of the recent reptilia, is the exit 
for the trigeminal nerve. (See IV, Plate XII.) 

As immtioned Ixd'ore, where the orliitosphenoids unite with the 
frontals along their superior lateral margins is (piite a prominent for- 
amen, which may have served as an entrance for blood vessels or the 
exit of nerves. 

fJust above the suture between exoccipitals and basioccipital and 
liclow the ])araoccipital [irocess in th(‘ exoccipitals are three foramina 
which the writer identities as follows: The largei* and superior one 
probably gave exit to the hypoglossal nerve; this opening passes 
through the exoccipital and (niters the posterior margin of the foi-amen 
magnum a little in advance of its posterior boundaries. External to 
the hypoglossal foramen is the foramen for the pneuniogastric nerves, 
while more ventrally still is the foramen through which the internal 
carotid artery enters the skull. 

Pro-atht.s , — The pi'o-atlas or postoccipital is composed of two sub- 
triangular lateral pieces; when in position, as found with this speci- 
men, they are attached to the occiput just aliove the foiMiuen magnum, 
and extend backward and outward (see tig. 1. a, and Plates XII and 
XIII /^. A/.), overlapping th(‘ mniral arches of the atlas, thus affording 
a protection to the spinal cord at this point. 

These lateral ])ieces in prolih' are subtriangular, flattened, and some- 
what curved antero-posteriorly. The anterior ends (see iig. 44.) are 
great l}Ahickened aiKpsoniewhat concave transvers(‘ly. to better tit the 
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pofciterior surfaces of the exoccipitals with which they articatlate. A 
notch and groove on the anterior end and side appear to indicate the 
eourse of a nerve. The internal surface of this bone is gently concave 
antero-posteriorly. The shaft gradualh^ converges from the thick 
anterior to a thin posterior end. 

Marsh has found the pro-atlas present in two members of the 
OpisthociX'Ua {Sanropoda). i. e., JSloroi^a urns ApaUmuirus {^Bronto- 
murus).^^ They have not been found in DiphxJocn^^ although, after 
an examination of the posterior part of two skulls in the collection of 
this museum, a llattened roughened surface on the exoccipitals just 
above the foramen magnum would appear to indicate that these bones 
were also present in this genus. 

The pro-atJni< is often regardc^d as a vc'stigc of a degenerate vertebra 
Mn front of the atlas, but Re^molds^' says in the CrocodUia it is a mem- 
brane bone, and therefore not properly a verte- 
bral element. In the crocodile these lateral 
pieces are united on the median line, thus form- 
ing a single element. 

Marsh has designated these elements in J/. 
(UjUis as the '"post occipital bones/' but jis 
they ap))ear homologous with the dorso-lateral 
elements in RJn.p}('hoceph(dai^ certain LacerUUa^ 
CrovodilUi ^ Pterof<au and Ckelonla^ to the 
writer there seems no good reason why the 
older term, pro-atlas, should not apply here. 

Marsh gives the following measurements of the pro-atlas of Moro- 
saurus grandls: 

min. 

(Ireiitept length 65 

Greatest length of surface uppose<l t<» exoccipital 50 

No. 5884. Greate.^t length proatlas of J/. acjilh 45 

No. 5884. Greatest length of surface opposed to exoccipital of M. (tgilis 27 

— The atlas is composed of four separate j)ieces, the inter- 
centrum, two neural arches or neurocentra, and the odontoid process. 

Like the atlas of Dlplodocus^ this element in Jforosaurm agiUs is 
short antero-posteriorly and without transverse processes. The pieces 
composing the atlas were found articulated, and although they have 
sudered somewhat from lateral compi*ession (see fig. 5), there was not 
enough displacement to render it ditiicult to properly interpret them. 

The intercenirimi is, roughly, a moderately thick subcrescentic bone, 
both ends being truncated almost horizontally, thus forming two sur- 
faces for articulation with the neural arches. The upper anterior 
surface is deeply excavated and well adapted for articulation with the 

c E. S. Riggs, Field Columbian Museum Publication, p. 82, Geol, Ser., II, No. 4, Aug. 
I, 1908. Riggs has shown that P>rnritos((Hrns is a synonym of Ap<(t<iMinras. 

S. II. Reynolds, The Vertebrate SkeK'ton, 1897, i). 240. 




Fig. 4.— Right half of the 

PRO-ATLAS OF iMOROSACRUS 
AGILIS (Cat. No. 53.S4), | nat. 
SIZE. «, lateral VIEW; b, 
ANTERIOR END OF SAME. 
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occipital condyle. Posteriorly it articulates with the odontoid and 
interceiitruin of the axis. The median superior surface is concave 
transversel y and somewhat convex antero-posteriorly. On either side 
of this median concave portion are liroad articular surfaces upon Avhieh 
the pedicels of the neural arch rest. The somewhat rouo'hencd surfaces 
of these facets look upward and slightly outwaixl instead of upward and 
outward, as Doctor HollaiuP^ has shown to be the ease on the inter- 
centrum of Diphx/oois, The ventral surface is slightly concave antero- 
posteriorly and <|uite evenly rounded tiansversely. On either side of 
the median line of th(‘ posterior inai'gin of the lower surface are small 
facets (see hg. 5 and also Plate XII/*. ), which ri'present the points of 
attachment for the cervical ribs. Just above these processes on the 
lateral surfaces the bone is somewhat excavated, forming two shallow 
pits. 

The neural areh. or neui’ocentrum, is an iri egularly curved bone, 
strong!}^ concave inwardly and convex outwardly, 
the intercentrum by means of a heav}^ articular 
base from whicdi rises a broad, winglike plate. 

This articular end has three faces, one which 
unites with the intercentriim, a second lai*ge one 
which looks forward and inwai'd and forms a part 
of the cup for the reception of the occipital con- 
dyle, and a third, the smallest of the three, which 
looks backward and inward and opposes the lateral 
anterior face of the odontoid. These faces all meet 
one another at obtuse angles. Above the articular 
end just described the shaft of the neural arch is 
constricted, but superior to this neck it widens out 
into a broad, thin, curved plate which, with the 
plate of the ojjposite arch, foiins the coveiing 
of the neural canal. Where these plates oppose one another supe- 
riorly the ends are broadly rounded antero-posteriorly, though prol)- 
ably the}" never united, but were held together by ligamentarv 
attachments. This plate, where it Ijroadens anteriorly, terminates 
evenly in a thin, sharp, vertical edge, which is oveidapped by the pos- 
terior extension of the pro-atlas. The posterior extent of the neuro- 
centrum can not be determined accurately from this specimen, 
although the presence of anterior zygapophyses on the axis (see Plates 
XII and Xllb^ ~W*) ^^ould indicate that the ’pi'ocess continued far 
enough posteriorly to articulate with this surface. Warslds tigure of 
the posterior view of the skull is apparently defective in this respect. 
(See tig. 1.) The odontoid jdeuroeent rum has suffered considerably 
from crushing, l)ut enough is pi'eserved to determine its most im- 
})ortant characters. The ])osterior articular face (see fig. Ic.) is 

«W. J. Holland, Meiiioir.s of Canieirie Mus., Pittsburjr, II, Xo. <>, p. C47 

^The postei’Kjr extension ot tins elenuMit in M. gmndis is well shown in tiir. h. 
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Fig. 5.— anteimok view 

OF ATL.VS OF MOROSAU- 

KFS AGiLis (Cat. No. 
53cS4). ^ NAT. SIZE. ^1. In, 
INTERCENTKVM OF AT- 
LAS; n, NEURAL arch; 
0, ODONTOID; r, rib fa- 
cets. 
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slightly cupped iuid l>nt little roughened, and in this specimen at 
least, shows no indication ot* coalescence with tin' axis. The anterioi* 
surface is round(‘d, not evenly, but somewhat constricted ai)Out the 
middle. The uj)[)(‘i’ surface, which forms the llooi* of the neural 
canal, is slightly comaive transversely. 



of a(las. 

No. 53S4. Greatest length of iiitereiait.nim 

No.. 5884. Greatest width of intereeiitriiin 

No. 5884. Greatest lieight of atlas ... 



mm. 

15 

84 

55 




yL/'/.v. — T he centrum of the axis is opisthocaelus and especially light 
and delicate in its construction. With c('rtain moditications the cen- 
trum is concave longi- 
tudinally both on its lat- 
eral and \amtral surfaces 
and convex transversely. 
The greatest length of the 
centrum is ti triHe more 
than two-thirdsthe height 
of the vertebra from the 
ventral surface to the top 
of tin' neural spine. In 
these dimensions it ditiers 
from the axis of J/. 
<jr<(nd!s^ whose length of 
(‘entrum is hardly more 
than one-half the height 
of the vertebra. (See tig. 
b.) 

On the left side is a 
deep [)leurocentral eav- 
it}^, the depth of which is 
probably somewhat ex- 
aggerated ])v crushing. 
This cavity is separated 
from the very shallow one of the opposite side b}" a thin septum of 
bone. Posterioi*ly this cavity is on\y si'pa rated from the cup for 
the ball of the succeeding vertebra by a thin convex plate of bone. 
Anteriorly it ends a litth' in advance of the center of the centrum, 
d'he anterior end of the centrum is gently rounded on either side. A 
vertical ])late is developed behind, whicli is a cuplike excavation and 
lies in front of the pleurocentral cavity. On either side of the ante- 
I'ior ventral surface are what might l)e called infralateral cavities. 
These ('xt('ud well forward into tin' ball of tin' centrum and are si'pa- 
I'ated from oiu' anotln'r by a thin median ])lat(' of Iioik'. These cavi- 



Fig. 6. — Side view of a.xis and part of atlas of Mokosac- 
Rus orandis (No. 1905 Vale University Mu.seum), about 

^ NAT. size. a, LEFT HALF OF NEURAL ARUH OF ATLAS; b, 
POSSIBLE INTERUENTKUM OF AXIS; o, ODONTOID 1*R(H'ESS; 
P.zyg, POSTERIOR zygapophysis. 
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ties, the writer should judge from Ilat<‘her\s figures and description, 
are not present in the axis of DIpJoJocvs. and they also appear to be 
absent in the axis of JA <jnui(lU, (See tig. (>.) 

The anterior ventral surface of the centrum is abruptly truncated 
transversely, forming a broad, flat facet for the interceutrum of the 
axis. This element, so far as the writer has l)een al)le to ascertain, 
has never before been found in a member of the Opisothoecelia. In 
older individuals it may coalesce with the centrum and thus lose its 
identity. However, many of the sutui’es one would expect to lind 
distinct in this individual have become entirely obliterated. The 
specimen of J/. (jnnuVs described and iigui‘ed by Marsh, which, 
according to the figures given, is a very much larger individual, 
shows sutures between the centra and spinous processes of the verte- 
brae Yet in this very much smaller specimen thei-e is no indication 
whatever of their union. So it would appear, as 
inferred by Marsh in his oj*iginal description, that 
this is an adult representing the most diminutive 
member of the g(mus. 

The second interceutrum (see fig. In.) is 

a small rectangular l)lock of bone of greater width 
than length and of medium thickness, being 
thicker in front than behind. T1 k‘ posterior boi’- 
der is straight and fits closely to the triincated 
ventral surface of the centi'um. It thus occupies 
a primitive position, as found in Plafeaapns.^ and 
forms a liplike projection. An examination of 
Marsh's figure of the axis of J/. grcuiditi would 
indicate that it also bore an intercenti*um, but in 
that case pro])ably became completely co-ossified 
with the centrum. (See fig. 64.) The anterior 
border is gently convex transversely. This ele- 
ment occupies the excavated surface of the centrum and does not 
extend below the lower surface. It is mm. wide and 14 mm. long. 

From the posterior and superior borders of th<‘ neural arch two 
diverging postz^^gapophysial lamina rise. These extend upward and 
backward until the })ostzygapophyses are reached; above them they 
continue upward and forward, meeting anteriorly and superiorh^, 
forming the prespinal lamina, dliey thus inclose a deep postspinal 
cavity which opens posteriorly and superiorly. Prominent rugosities 
are developed just above the postzj^gapophyses. These also appear 
to be present on the axis of 2L>rosaunn< (/rn/nl!s. 

A transverse process is developed on the anterior sides of the neural 
arch. It is modeiately broad and thin and is dii’ected downward, 
backward, and outward, terminating in a rounded end. The hori- 
zontal lamina extends from the ti’ansverse process to the postzygapo- 
Proc. N. M. vol. xxxii — 07 11 




Fig. 7.— Ventral view of 

AXIS OF MoKOSAURUS 
A<;iLis (Cat. Xo. 5384), 
A NAT. SIZE. Ax. In., IN- 
TERCENTRVM OF AXIS; 
P.ZHiJ, P(»STERloll ZYG.l- 
POPHYSES; T)\ TRANS- 
VERSE PROFESSES. 
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ph}^ses at an asconding angle. The inferior blade of the diapophysial 
lamina connects the transverse process with the side of the neural 
arch, thus forming the anterior wall of the postdiapophysial cavit}\ 
The pre- and supradiapophysial cavities are not present either in JI. 

or J/. g?\nHh‘s. On the left side, just in front of the pleurocen- 
tral cavity, is a small foramen ( /, Plate XII) which is wanting on the 
opposite side. The axis of J/. agiHs ina}’ be distinguished from that 
of 2L grandh by the more anteriorly directed spine of the fonner, by 
the posterior extension of the postzygapophyses, and by the greater 
length of the centrum in proportion to its height. The writer believes 
that the cavities can not be considered sufficiently reliable characters 
for even specific separation, as they are not at all constant in shape, 
size, or j^osition. Even on the same vertebi-a, as shown in this speci- 
men, cavities found on one side nia}^ be absent on the other. 

hleamvemeni^. 



No. 5384. Greatest length of centrum of axis 70 

No. 5384. Greatest height of axis (taken at the middle) 97 



Third cerricaL — This vertebra was articulated wdth the axis, so its 
position ma}^ be considered absolutely determined. Like the other 
elements of the type specimen, it has sutiered somewdiat from lateral 
crushing. The transverse processes, postzygapophysial lamina, and 
postzygapophyses are wanting. This is the tirst vertebra of the ver- 
tebral column to have the anterior zygapo])hyses prolonged beyond 
the end of the ball of the centrum. Although the transverse processes 
are missing, a well-developed articular facet (see /', Plate XII) on the 
low^er anterior margin of the centiHun shoAvs the place of attachment 
for the capitulum of the cervical rib. 

The spinous process, as figured, has been crushed forward somewhat 
from its normal position. This spine anteriorly is a thin plate of bone 
formed by the union of the prezygapophysial lamina, but shows no 
indication of being bilid at its apex, as Hatcher has represented the 
spine on the third cervical of Diplodocus^ or as the fourth cervical 
of 2L gravdin is known to be. The large pleurocentral cavities 
posteriorly are separated by a thin septum of bone, but anteriorly 
this partition fails and they become continent. As in the. axis, this 
cavit}" occupies the posterior half of the centi’um. On the anterior 
part of the centrum just above the facet for the cervical rib is another 
lateral cavity, nearly round in outline and extending well into the ball 
of the centrum. There is also a prediapophysial cavity wdneh is 
separated from the postdiapophysial cavity by the low^er blade of the 
diapophysial lamina. This cavity is not present on the right side of 
the centrum. 



PrI II ri pal )neasurnneufii. 



No. 5384. Greatest length of centrum of third cervical 95 

No. 5.384. (ireatest height of third cervical 100 
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OCCURRENCE AND RELATIONSHIPS. 

Of the live species Miirsli bus jiroposed under this oemis, two (J/. 
i\\\ A JA agilis) were tirst known from the durassic of Colo- 
rado. The other forms {2f, imp(u\ rohustv^, and as well as 

2L (jmndls^ have been found in the Jurassic of Wyoming*. If Hatch- 
er's suggestion proves correct— that the l>eds at Canon City, Colorado 
(from which Mai’sh obtained some of his type s])ecimens). an^ the eipiiv- 
alent of the marine or Baptanodon beds of nortlnu’u localities, and there- 
fore represent a lower horizon of the Jurassic — it would be to this 
region that we would naturally turn for the ancestors of those species 
found in the higher ]>eds of the Wyoming localities. 

The small size, in addition to the presence of a second intercentrum 
on the axis and no evidence of bifurcation of the single spine of the 
third cervical of J/. might suggest a somewhat primitive con- 

dition as compared with the later foiaus. This supposition, however, 
bears but little weight and is not substantiated by other paleontological 
evidence, as several genei’a and spt‘cies of the Opisthocadia, apparently 
identical, have lieen found in lioth regions, and it is cpiite probable 
that later we shall find that 2r. agilis enjo 3 ^s a like geological and geo- 
graphical distribution. Alreadv Prof(‘ssoi* Osborn^ has referred to a 
forefoot from the '' Bom‘ Cabin " c(uarr 3 ^ as possiblv being 2f. agllh^ 
but this is doublv doubtful since we are uncertain of the identification 
of the so-called forefoot of 2L. agiUs bv Marsh. Of the five species 
named b}^ ]\Iarsh but few distinguishing characters have been given, 
and at this time little can l)e said regarding the relationship of the 
several forms. 

The pi'imitive characters found in 2I</rosauru}:( agiJis suggest to the 
writer the possibilitv that the type specimen, when more complete 
material is known, mav l)e found to pertain to one of the members of 
the more primitive famih^ Brachiosaurida^,^ possibl^^ the smaller genus 
IIaj)l<>ca}}fh(M(ntru}<.^ Unfortunatelv, none of the I'epresentatives of 
this famil}" have the anterior cervical region ])reserved; so judgment 
on the question raised here must be deferred until homologous parts 
are discovered. While the writer is aware of the close relationship 
of the Brachiosaurida* and ^lorosaurida\ the simple spine of the 
third cervical of 2forosaury>^ agiUs is particularlv suggestive as to the 
possibility of its being a member of the former famil 3 \ 

« Williston has pointed out that M. impar and grandis are synonjuns (Kans. Univ. 
Quart., VTI, p. 17d)- 

&H. F. O, shorn, Bull. Am. Mus. Xat. History, III, 1899, p. 170. 

^E. S. Riggs, Field ColumVdan ^Museum Puldication, p. 94, (leol. Ser,, II, No. 6, 
Sept. 1, 1904. 

I>. llatehor. Memoirs of Carnegie Museum, Pittsburg, II, Xo. 1, 190M. 
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A NOTE ON THE GENUS CAMPTOSAURUS. 




Fig. 8.— Ventk.\l view of at- 
las AND AXIS OF CAMPTO- 
SAURUS (Cat. No. 5473), ^ nat. 
SIZE. At. In., Atlas inter- 
centrum; .lx*., axis: A.V. In., 

AXIS INTERCENTRU3I; FA- 
CETS FOR RIBS. 



In comparing’ the axis of Moromurus agHls with the homologous 
parts of other Dinosanrian specimens in the U. S. National Museum, 
the writer found, on the axes of two individ 
mils of ‘the genus intercentra 

attaclied by suture to the centra of the axes. 
So fai* as the wiiter is aware, this element has 
not been observed }>eforc in a representative 
of the Orthopoda. In the smaller (No. 5474, 
U.S.N.iNI.) and probably younger specimen 
the intercentrum has ))een somewhat crushed 
out of position, Init in the larger specimen (No. 
5473, U.S.N.M.) it is retained in place^ as 
shown in tig. 8 (xhc. J)},). 

Inferiorly the intei'centrum of ( '(unj^tosaurHS 
is roughly sul)elliptical in form, the longer 
axis being transverse. It is closelv united l)y 
suture to the lower half of the anterior end of 
the centrum, forming a prominent liplike pro- 
jection which, when articulated, underlaps 
somewhat the intercentrum of the atlas. In a fully adult specimen this 
element Avould probably become (‘o-ossitied, as in Morosattrus gnmdU^ 
and thus lose its identity. Viewed from 
the side, it is triangular in form, the deepest 
portion being next to the centrum. The 
inferior surface is gently convex trans- 
versely and slightly concave antero-})os- 
teriorly. Seen from tlu‘ front, the center 
has the greatest vertical di'pth. the uyiper 
margins graduall}" sloping down to tln^ lat- 
eral borders. The antei'ior face is smooth 
and somewhat concave supero-inferiorly. 

There are two small |)its on the iiu'dian 
anterior part of the inferior surface. The 
presence of an axis intercentrum in both 
the Opisthocadia (Sauropoda) and Orthopoda 
(Pred(mtata) tends to contii in somewhat the 
contention of iNIarsh and Hatcher that the 
Hinosauria is a natural grou}), and in the ex- 
amples cited heie it should Ix' considered a pei'sistent primitive char- 
acter which was present in a remote but common ancestor. 




Fig. 9. — Ischia uf Morosaurus; 

INFERIOR VIEW, ^ NAT. SIZE, e., 

Distal ends; it., face for ilii’m; 
p., DISTAL extre.mity; ph., face 
FOR pubis; 6-.. SYMPHYSIS. 
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NOTK. 

The writer taktvs tliis opportiiiiitv to (‘all attention to tio*. 8, Plate 
XXVIIP Dinosaurs of North Aineriea" (reprocluec^d here as tio-. 1)), 
which, according to Prof(\ssor .Marsh, illustrates the ischia of Dlplo- 
(Jocns loiujus. After an examination of the original specimen, No. 
4275,^^ now in the U. S. National ^luseum, it appears beyond question, 
as shown by the characteristic union of their distal ends, that these 
ischia pertain to the pelvis of one of the larger species of the ]\Ioro- 
sauridiv. The greatest length of the better preserved ischium is 
800 nun. 

EXIM.AXATION (^F PLATF8. 

Plate XI 1. 



a. Xeural arch of atlas. 


( ). SJt. 


Orbitosphenoid. 


AL sp. Alisphenoid. 


l*a. 


Parietal. 


At. Atlas. 


1\ At. 


Pro atlas. 


.la:. Axis. 


I'o.f. 


Postfrontal. 


a. zgg. Anterior z}'gapophysis of axis. 
h. Intercentrum of atlas. 


)\ 


Articular facet foi* attachment of 
cervi(‘al rib. 


//. ore. Basioccipital. 


X. K 


Su pratem jaora 1 U >ssa . 


c. Odontoid. 


S. or. 


Supraoccipital. 


(L Intercentrum of axis. 


Sg. 


Squamo.^al. 


Ea\ or. Kxoeeipital. 


I. 


Olfactory foramina. 


F. Frontal. 


11. 


Optic foramen. 


f. Foramen. 


III. 


Oculomotor foramen. 


(K f\ Occi]>ital condyle. 


TV. 


Trigemenial foramen. 



Side view of the })o.sterior portion of the skull, the atlas, axis, and third c(‘rvi(Td of 
Mo roH< ayilis. 

Type sp(H*iinen (Xo. 5)»S4) one-half natural size. 



Plate XI II. 

Side view of the tyi>e of ^^oros<n^rus ogilis (Xo. 5AS4), one-half natural size. From 
a photograph. 

^Olarsh’s original aceession number is lH5o . The specimen is from the Morrison 
Beds of the Jurassic, near Canon City, Colorado. 



